Study Design. A retrospective study. Objective. The purpose of this study was to investigate: (1) patient-based surgical outcomes of posterior lumbar interbody fusion (PLIF); (2) correlations between patient-based surgical outcomes and surgeon-based surgical outcomes; (3) factors associated with patient satisfaction. Summary of Background Data. There have been no reports of patient-based surgical outcomes of PLIF for lumbar spondylolisthesis. Methods. Patients who underwent PLIF for L4 degenerative spondylolisthesis between 2006 and 2009 were reviewed (n ¼ 121). Surgical outcomes were assessed 5 years after primary surgery using a questionnaire, a numerical rating scale (NRS) of pain, the 36-Item Short Form Health Survey (SF-36), the Japanese Orthopedic Association score (JOA score), and the recovery rate. The original questionnaire consisted of 5 categories, with scoring out of 100 points for surgery, satisfaction, improvement, recommendation to others, and willingness to undergo repeat surgery. Patient-based outcomes were divided into 3 groups according to the questionnaire responses as positive, intermediate, and negative and were compared with the JOA scores. Results. A total of 103 patients responded, for a response rate of 85%. The average patient-evaluated score for surgery was 82 points. The positive response rate in each category was 78% for satisfaction, 88% for improvement, 74% for recommendation, and 71% for repeat. The average pre-and postoperative JOA scores were 11.2 and 23.2, respectively. The average recovery rate was 68.5%. There were significant correlations between patient-based surgical outcomes and the JOA score. Furthermore, there were significant correlations between patientbased surgical outcomes and the NRS and physical component scores of the SF-36. Postoperative permanent motor loss was a major factor related to a negative response. Conclusion. The patient-evaluated score for surgery was 82 points. More than 70% of patients gave positive responses in all sections of the questionnaire. There were significant correlations between patient-based and surgeon-based surgical outcomes.
L umbar spondylolisthesis is a common degenerative lumbar disease. Posterior lumbar interbody fusion (PLIF) is an effective surgical procedure for the treatment of lumbar spondylolisthesis. PLIF provides excellent decompression, stabilization, and fusion rates for spondylolisthesis. Many studies have reported favorable outcomes of PLIF for lumbar spondylolisthesis. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] It has been reported that patients' and surgeons' perspectives regarding outcomes sometimes differ in clinical fields. 17 There remains a controversy about the optimal method for evaluating postoperative outcomes of spine surgeries. 18 As the paradigm of health care has shifted toward a market model, increasing emphasis has been laid on patient-centered care and patient satisfaction. Recently, patient satisfaction has attracted much attention in investigations of the effectiveness of treatments in the health care field. Although there have been many reports of high patient satisfaction with total hip or knee arthroplasty, 19, 20 lumbar disc herniation, lumbar spinal stenosis, and scoliosis, [21] [22] [23] [24] [25] [26] [27] there have
MATERIALS AND METHODS

Subjects
This study was limited to patients with degenerative spondylolisthesis at L4/5 treated using the same instrumentations and the same arthrodesis technique. From 2006 to 2009, 130 consecutive patients were treated with PLIF for degenerative spondylolisthesis at L4/5. Of these patients, 4 died due to cancer or myocardial infarction during the follow-up period and 5 patients changed their address and could not be followed. The remaining 121 patients who were followed for at least 5 years were included in this study. A set of questionnaire forms was mailed to these 121 patients 5 years after surgery. In terms of preoperative radiological findings, the average percent slip was 17% (range 8-30%).
Surgical Indications and Procedures
All patients who underwent surgery had severe, disabling radicular pain with or without low back pain unresponsive to conservative treatment such as medication, physical therapy, and root and/or epidural injection. All PLIF procedures were performed using the same technique. 28 Bilateral total facetectomy was performed to achieve wide exposure of the neural elements and the disc space. The total facetectomy meant en bloc osteotomy of the caudal twothirds of the posterior elements of the proximal vertebra, including the spinous processes, lamina, and inferior articular processes. The superior articular processes of the distal vertebra were resected around the pedicle bilaterally. Nerve roots at the fusion level and at the caudal level were decompressed bilaterally. Total discectomy was performed with excision of the annulus and cortical end plate to achieve an extensive bone graft area. Two Brantigan interbody cages were inserted, sandwiched between a minimum of two autologous bone blocks and chips that were trimmed from the resected local bone. Pedicle screw fixation with the Steffee Variable Spine Plating System (DePuy Spine, Raynam, MA, USA) was performed. Bone grafts were harvested from the local bone, and no posterolateral bone grafting was performed. All procedures were performed by 4 certified orthopedic spine surgeons.
Outcome Measures and Questionnaires
A set of questionnaire forms included an original questionnaire, a numerical rating scale (NRS) of pain, and the 36-item Short Form Health Survey (SF-36). The questionnaire consisted of 5 categories same as our previous report 22 : patientevaluated score for the overall surgical result out of 100, satisfaction with the surgery, improvement with the surgery; recommendation of the surgery to others; and willingness to undergo repeated surgery in the same situation.
The patients were asked to respond to each question using a 5-point scale of answers that included ''Very satisfied,'' ''Satisfied,'' ''Neither satisfied nor dissatisfied,'' ''Dissatisfied,'' and ''Very dissatisfied'' ( Table 1 An NRS of 0 to 5 was used for the lumbar area, the buttocks, and the legs; a score of 0 indicated no pain, whereas a score of 5 indicated intolerable pain.
The physical component summary score (PCS) and the mental component summary score (MCS) of the SF-36 were calculated to provide the health-related quality of life outcome.
Surgeon-based surgical outcomes were assessed using the Japanese Orthopedic Association scoring system (JOA score) preoperatively and 5 years postoperatively. 11 Briefly, the JOA score consists of subjective symptoms (low back pain, leg pain, and gait; 3 points, respectively), clinical signs (straight leg raising test, sensory abnormality, and motor disturbance; 2 points, respectively), restriction of activities of daily living (turning over while lying, standing, washing face, leaning forward, sitting, holding heavy weight, and walking; 2 points, respectively), and urinary bladder function (À6 points). The maximal total JOA score is 29 points. The recovery rate of the JOA score was evaluated by Hirabayashi's method, as follows: 11 Recovery rate of JOA scoreð%Þ ¼ ðPostoperative score À Preoperative scoreÞ Â 100=ð29
À Preoperative scoreÞ
Surgical complications were investigated. Surgical complications in this study were defined as spine-specific complications such as surgical-site infection, loss of motor function, adjacent segmental degeneration (ASD), implant failure, and nonunion. Complications that were not specific for spine surgery or did not affect recovery (for example, urinary tract infection, and anemia) were excluded. Surgical-site infection was none in the present series. Loss of motor function was defined as less than level 3 on manual muscle testing. Loss of motor function was subclassified based on whether it was reversible (temporary motor loss) or irreversible (permanent motor loss). Loss of motor function that was present before surgery and did not recover after surgery was not considered a complication. However, this type of loss of motor function was included as an independent variable in the analysis (residual motor loss). ASD was defined as a symptomatic condition in which revision surgery was required to treat neurological deterioration at the adjacent degenerative segment on the radiograph. Nonunion was defined as a radiographic condition in which no bony continuity between graft bone and vertebra was detected by plain radiographs or reconstructed CT, with loosening of pedicle screws or apparent motion at the fused segment on flexion and extension lateral radiographs for more than 2 years. Surgical-site infection was none in the present series.
Statistical Analysis
Clinical data were compared using one-way analysis of variance with a post hoc Bonferroni test for multiple comparisons. The chi-square test was used for categorical outcome variables. An alpha level of 0.05 was considered significant. SPSS (version 20; IBM, Armonk, NY) was used for statistical analysis.
Multivariate regression analysis was performed to identify factors correlated with patient satisfaction. The overall point score for surgery reported by the patients was used as an independent variable. A multiple linear regression model with a stepwise backward selection method was used. Collinearity and residual diagnostics were performed.
RESULTS
Patient Demographics
Of the 121 patients who were sent questionnaires, 103 responded. The response rate was 85.1%. The mean age at surgery was 67 years (range, 51-83 yr). The male to female ratio was 48:55. Mean pre-and postoperative JOA scores were 11.2 points (range, 0-20 points) and 23.2 points (range, 7-29 points), respectively. The mean acquired points were 12.0 points (range, 3-25 points) ( Table 2 ). The mean recovery rate was 68.5% (range, 17-100%). There were no significant differences in age, sex, pre/postoperative JOA score, or recovery rate between the responders and the nonresponders.
Patient-Based Surgical Outcomes
The mean patient-evaluated score for surgery was 82 points (range, 10-100 points) ( Table 2 ). In terms of satisfaction with the surgery, positive, intermediate, and negative response rates were 78%, 15%, and 7%, respectively (Fig. 1) . In terms of improvement with surgery, the response rates were 88%, 8%, and 4%, respectively. With respect to recommending the surgery to others, the response rates were 74%, 17%, and 9%, respectively. In terms of willingness to undergo repeated surgery in the same situation, the response rates were 71%, 19%, and 10%, respectively.
Postoperative Numerical Rating Scale Scores Among the Response Groups by Satisfaction
In the positive group, the low back pain score was 0.9, the buttock pain score was 0.8, and the leg pain score was 1.5 (Table 2 ). In the intermediate group, the low back pain score was 2.3, the buttock pain score was 1.9, and the leg pain score was 2.8. In the negative group, the low back pain score was 1.8, the buttock pain score was 2.5, and the leg pain score was 3.1. The negative group had significantly worse buttock (P ¼ 0.006) and leg (P ¼ 0.027) pain scale scores than the positive group.
Health-Related Outcomes Among the Response Groups by Satisfaction
The postoperative PCS was 33.9 in the positive group, 20.6 in the intermediate group, and 9.7 in the negative group (Table 2 ). There were significant differences in the PCS scores between the positive and intermediate groups (P ¼ 0.048) and between the positive and negative groups (P ¼ 0.045).
Japanese Orthopedic Association Scores Among the Response Groups by Satisfaction
There were no significant differences in the preoperative JOA score among 3 groups. The postoperative total JOA score was 24.1 in the positive group, 22.5 in the intermediate group, and 15.6 in the negative group (Table 2) . There was a significant difference in the postoperative total JOA score among the 3 groups (P < 0.002). The positive group had significantly better postoperative scores in leg pain, gait, motor loss, learning forward, holding a heavy weight, and the walking domains of the JOA score than the negative group (Fig. 2) . The acquired points were 12.8 in the positive group, 10.6 in the intermediate group, and 6.3 in the negative group. Similarly, the acquired points showed a significant difference between the positive and negative groups (P ¼ 0.003). The recovery rate was 73.6% in the positive group, 59.5% in the intermediate group, and 33.7% in the negative group. There were also significant differences in the recovery rate of the JOA score between the positive and negative groups (P ¼ 0.003).
Correlations Between Patient-Based and surgeonBased Surgical Outcomes
Although there was no significant correlation between the questionnaire and the preoperative JOA score, significant correlations were detected between all domains of the questionnaire and the postoperative JOA score, and the recovery rate (P < 0.001) ( Table 3) . Especially, there were significant correlations between the recovery rate and the patient-evaluated score for surgery (R ¼ 0.49, P < 0.001) (Figure 3) , satisfaction (R ¼ 0.54, P < 0.001), and improvement (R ¼ 0.55, P < 0.001). There were also significant correlations between all domains of the questionnaire and the buttock and leg pain of the NRS and PCS.
Postoperative Complications
Loss of motor function due to the surgical procedure occurred in 6 patients (5.8%) ( Table 4 ). Four patients (3.9%) had temporary motor loss and recovered fully, whereas 2 patients (1.9%) had permanent motor loss. All 4 patients with temporary motor loss were in the positive group (P ¼ 1.0), whereas both patients with permanent motor loss were in the negative group (P ¼ 0.005). Eight patients (7.8%) demonstrated residual motor loss with no postoperative recovery of motor function that was present before surgery. Of the 8 patients, there were 4 patients (5%) in the positive group and 4 patients (50%) in the negative group (P ¼ 0.002).
ASD occurred in 7 patients (6.8%). There were 5 patients (6.3%) in the positive group and 2 patients (25%) in the negative group (P ¼ 0.12). After the revision surgery at the adjacent segment, all patients improved. The mean period between the primary and revision surgeries was 3.8 years (2-5 yr).
Nonunion was observed in 3 patients (2.9%). All 3 patients were asymptomatic and satisfied with the surgery (P ¼ 1.0). In terms of multiple complications, temporary motor loss with ASD was observed in 1 patient, ASD with nonunion in 1, ASD with residual motor loss in 1, and permanent motor loss with implant failure in 1 patient, respectively.
Logistic Regression Analysis
The recovery rate of the JOA score, the NRS scores of all parts, and all complications were entered into a stepwise logistic regression analysis model, with overall points for surgery scored by the patients as the dependent variable. The following variables were identified as independent variables: recovery rate of the JOA score, permanent motor loss, residual motor loss, and the NRS score of leg pain ( Table 5 ). The 4 variables accounted for 56% of the variability in the overall points for surgery scored by the patients.
DISCUSSION
Spondylolisthesis may cause segmental instability with symptomatic compression of neural elements. We perform PLIF with pedicle screw fixation to treat degenerative lumbar spondylolisthesis with segmental instability. Although many reports have described the surgical outcomes of PLIF, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] there have been no patient-based satisfaction analyses of PLIF. In the area of spine surgery, patient-based surgical outcomes of lumbar disc herniation, lumbar spinal stenosis, and scoliosis have already been reported. According to the previous reports, the satisfaction rate with surgery for lumbar disc herniation ranged from 68% to 86%, while that for lumbar spinal stenosis ranged from 71% to 78%. 21, [23] [24] [25] [26] [27] Further, we have previously reported the patient-based surgical outcomes of the ossification of the posterior longitudinal ligament by a method same as this study. 22 In the present study, patient-based and surgeon-based surgical outcomes of PLIF were investigated 5 years after surgery. The patient-based score for surgery was 82 of 100 points. Positive responses in each section were given by 78% of patients for satisfaction, 88% for improvement, 74% for recommendation to others, and 71% for willingness to undergo repeat surgery. Furthermore, significant correlations were found between the postoperative JOA score, recovery rate and all sections of questionnaire. These results suggest that the JOA scoring system is a valid tool for surgical evaluation.
In the present study, the intermediate response rates for recommendation and repeat were significantly higher compared with the results for improvement. Those for satisfaction were valued in the middle of those for improvement and repeat. The most significant correlation was detected between the recovery rate and improvement in the present results. The results of the improvement section appeared to reflect surgeon-based surgical outcomes most. Regarding the reasons for this discrepancy from the results for satisfaction and improvement, patient-based satisfaction for surgery may affect various factors, such as preoperative patients' expectation for surgery, total cost, or return to work, other than the pure degree of improvement by surgery. According to the open-type answers as the reasons for the intermediate response in the recommendation and repeat section, residual numbness and anxiety about implant failure and ASD were often described by the patients.
On the other hand, permanent and residual motor losses were major reasons for negative responses. Postoperative permanent motor loss is generally considered a serious complication of PLIF. In previous reports, the incidence of neurological deficits associated with PLIF ranged from 2% to 8%, and the incidence of permanent motor loss ranged from 1.7% to 6.5%. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Total facetectomy can provide more space for PLIF maneuvering and can facilitate retraction of nerve roots. The current incidence of neurological complications is substantially lower than that of previous reports. Despite such advances, however, 2 of the present patients (1.9%) showed permanent motor loss. A negative response in the improvement section was a serious problem for surgical outcomes of PLIF. In the improvement section, 4 patients (4%) gave negative responses, although there was no patient with a recovery rate less than 0%. According to the present results, all 2 patients with postoperative permanent motor loss gave negative responses. Furthermore, if postoperative neurological deterioration was not observed, patients with persistent motor loss with less than 3 on the MMT from before the operation that remained after the operation tended to give negative responses. In the negative response patients, 6 of 8 patients in the satisfaction section and all 4 patients in the improvement section had remaining motor loss 5 years after surgery. These patients with remaining motor loss showed significantly worse results in buttock and leg pain of the NRS, and leg pain, gait, leaning forward, and walking of the postoperative JOA score. Remaining motor loss was a major factor related to negative responses, whether motor loss was present preoperatively or postoperatively. All patients with negative responses in the improvement section gave negative responses to the other sections.
The present study had some limitations. First, radiological assessment was not performed; future studies will need to clarify the patient-based outcomes and radiological features. Second, the nonresponder rate was 14.9%. Furthermore, although we investigated the patient-based surgical outcomes 5 years after surgery in the present study and we did not obtain the precise information on shorter-term patient-based surgical outcomes, patient-based surgical outcomes were better on shorter term in our experience. The peak of satisfaction was observed at 1 or 2 years after surgery and gradually decreased 3 years after surgery. In the present series, the mean age at surgery was 67 years, therefore, patient-based surgical outcomes would change due to patients' general condition, aging process, and psychological status, as well as on surgical complications.
Satisfactory surgical outcomes of PLIF have been previously reported from the viewpoint of surgeon-based evaluation. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The present study clarified the efficacy of PLIF from the viewpoint of patient-based evaluation. 
Key Points
Patient-based surgical outcomes of PLIF were investigated. The patient-evaluated score for surgery was 82 points.
More than 70% of patients gave positive responses in all sections of the questionnaire. There were significant correlations between patient-based and surgeon-based surgical outcomes. Postoperative permanent motor loss was a major factor related to a negative response.
